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1 

^ax^T/i^ y &jR>f^-> % ta^ y ±m^m^ * 

Ah Zi\ Ti, Y % Sc / S:t^Si(7)V^-ri^^Tfe5 ; ft■^l^U^ 

Ah Zr, Th Y , ScRXlSi(D o h<Dl mU±&^-tZ> 
[0 0 0 1 ] 

[0 0 0 2] 

^±<ttASix4*ai:U La>fc#«/l<Z)«*tfS20 
00AJWTti"Sr it, 10V «TO^DSJEt?1000cd/m 

Srt#^r.^{^SjLfc: (Appl. Phys. Lett., 51, 913 
(1987). ) 0 Z.CDM^mm^^^'X, TangbttS#W 

[0003] tfblifiTOJft^tt^^-^ (151 mis; 

m^m^mmnm^. mm^mM2s a -?B-4, P . 1040) 



4§(2)2 000-18277 4 (P 2 0 0 0 - 1 8 2 7 7 4 A) 

2 

3^£^fl?»E«^ »«^ffi«29p-ZC-15 , p. 1127) 
(IEEE Trans. Electron Devices. , 40, 1342 (199 



10 3)) 



[0 0 04] Sifi-eteUNIAX *±C9Pei ^ V 

*C^ttl^ (Science, 269, 1086 (1995) ) 0 r. 

tir J: 9fftfi§(D^y 5H=-£r 

in situ t'K"t e ymt>OTfc5 0 CLC0i§£\ 

9J£#>Tf6< &5 (Science, 269, 1086 (1995) 

i-^Sjbfc (SID97DIGEST-P775) 0 Z hteWMlzm't & 
30 [0 0 0 5] U&>bfctfS&, Mg^Li^^fc^fecjo^T 

iiieTtt, Li«^>»*^2oAK±-cttiftffiaM6 

(IEEE Trans. Electron Devices. , 40, 1342(19 

93)) % m^xm^Amm<DLi<Dm^\±mm-nYmm 
Mx&9m4-ftm<Dm^mzr$m&3bz> 0 *fc, p e i & 

^^*yl £* a§*D L T m^r- K T /)¥tt $ -fr 5 i n s i tu 

[0 0 0 6] 

toT$>«9, ^(o®m*mmfr<>mmttmxmmfrh 
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6 0 

[0 0 0 7] 

[0 0 0 8] tt««S^ffl^5*JRfc LTtt, IftSirS! 

^MT^l WcfMRttftt^ 0llx.fi. Al , 
Zi\ Ti, Y , ScXtWiftifdSffSbV^ 
cO^IW^^St^feotfc, Al . Zi\ Ti, 

jRs^^^fi, iftBt^T-*>oT, n&fx^m&m 
a. 

J**mffil> (fk^ffijt, JSflHfc*lIl* P369) % 

fcfv^A P88) J $>m£xhvZ'3-'?A (A 

Sl^SL P89) fcT^^^"?A^J:oTil7C$^JSyu 

[0 0 10] **EL*^lr*5ft5^JR«tti(Df^aatt. 
(C, Al, Si, Zr^^ilTcttfr^i-^AJR^iS^tt-t?^ 



(P2000-18277 4 A) 
4 



[ o o 1 1 ] 5i5cs*isr/u* y &mik^m, r^y 

[0 0 12] **WHt. K±^*i»lc«*Tft**tfct 

(DT-fe 9 . ryu# y &m\L-%m. r^* y ±^js^ 

R*L«^«£ LT»/*LfcaL r<D»&JlG>_bfc, ^ 

»^?>a7cSixfcAJRSrj6«t$*, $ ^C--^ (Digging 

^bfctcOT-fe^o 
20 [0 0 13] **W^*5l>"C, iT-SAI^i^T 

J: 9, m-7-*£APfM£/h£< b. I2SbmJ±^teT^-ti:>5 

^tvxTsi-xy&m^*^, Tsisxi) ±m&K'(* 

40 -f^^V^/u, t KD^ry^>/Mj7/-yK t Ko 
^rv-^yU/K^V, t*'t°!ly;K 7xfy hn|iy, 7-? 

[0014] 

IEJLIiaH4S:^ri-SjETLttiaiJi3, 5S#/i4, l^-SA 



)t«4tt«»<7>S*-e&9. IrSAI (JS-&J1) 5*5 

«t vrnmrnm e a*** m t?** l t #m & * t> ^ 

to, mm/^m/m^&xm m&m) /mm. mm 
/m^mmm/^ytm/m^i&Am m&m) /mm. 
mm/iEimmm/^m/mi L mmm/m^Am 
m&m) /mm. mm/iEii&xm/^m/m^m 
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6 

* (8-3r/y/vh) -^^v-^^, fcT^ (f 
)-8-*/!);7h] tr* (2~y ^yU-8- ^y 

yy^h) tvu $ = hy^ (s-^/y/yh) -r 

IsWJ** b ] J* (5-^/H-^r/!i/7h) T/U^ 
= 9 A, 8-^/!i/7h!if^A, hy^ (5-^ncz-8 

-^yyy^h) #y tr* (5-^ n u-8- y y 



/*3tJi/«^-a=AS (ffi^Jl) ^/lE+L&A 
^/IE?L^^®/^*S/m^tti^S/mT-^AS (ffi 

ELim m^&A/f (»-&/■) 5i:lffilffi6^ 
[0 0 15] _b|S. l^fiAI 5(7)« 

[0 0 16] ±fB»ffi««6^ffl|j£tt, 
^^y* »5 MSSJB -C # 5 rtv Jt^ + *3 a -c 

[0017] m^-^AS ^«^ttiin4*ai 

^b9±^. t°uy, nn^>, yy-fe>\ 

h(DM^l~£. 7xty Nnyy, ^y7xfyhpy 
71^^^^^, r^yyv, ^;i)y ^y^r 

t7^^jJy>, is-y^—suy? y^v, ^ by 7 

^yy>t/!Jy, hr^^^-yyu, t7y>, iy^n^ 
>^v^>\ ^-=¥->>^, T^y^yy>\ y, 2^7 
m -yu^-p u>\ t'n/uryh7ty, ^r^y#/u/> 
/K t°y>\ ftt°77, /Kiiyf yoy/^ 
^r-^^y K>\ /uy 1^^**5 J: V^Erixb 

[0 0 18] Sfc, »|IBB363-295695 #P?S¥8- 



20 



30 



40 



22557 



$5fHH¥8-81472 ^gB¥5-9470-! 



#^¥5-17764 ■S^«{CH^$*tT^4&«*U- 



[0019] #^^5-202011- 



79394-5 



«ffr4fe«*u— bit**-*/-* Kfb^ 50 



#^¥7-278124-^-^. #HB¥7-228579^$Rin 
Jht^i ixT /um. #^^7-157473^- 

^«fcHl*S;h/0*5 hy/^yi, 4#Hl¥6-203963-g- 

^ gfl^ $ tix 1 > 5 ^ ?vi^< ^R*f*c*3 «t u« ^ y 

ylxT y — U^^ft:, #§B¥6-132080^^^4#B8ip6- 
88072 ^*JcH*$ixTt^S^^!;^»** % #r^¥ 
6-100857-§-^^#^B^6-207170^#JC^^$ttTl> 

[0020] ^yy^t/- soy*? 

-<^yv 5^^— /uasiif^s^Hiaafc 

ea^Ltf. #^0S59-194393 -S^S^M^Six 

^ (5, 7-v?-t- -<V^7U-2-<Vy^^r^y"y /U) -1,3, 
4- f7y7y-;K 4,4'- b*^. (5, V^-yU-2- 

^< vy^^ri^-^ y ;v) ^^-/u^<y, 4,4'- tr^ [5, 7-2^ 

- (2-> ^yu-2- -2- -<y/t^f yy/u] ^ 
^/U^V, 2,5-t'^ (5. 7-y-t- -<yf /U-2-^y/t 
3rU-;/y/U) ^^^^V, 2,5-tf^ [5- (a, a- v^y 

^/^^v^yu) -2- -<y^t/y yu] 
2,5-t'^ [5,7-v?- (2-y^yu-2- y^yU) -2- -<>y 
^-^-y-y y yu] -3,4- ^^^^yu^^-^m^, 2,5-tr^ 
(5-y ^yu-2- -<yy^ty yyu) 4,4' . 

- fcr* (2— <>-y^^r1hy'y yu) t'7x-yK 5-y^yU 

-2- {2- [4- (5-y^y^-2- -<y/t^fyy/u) 

^yu] tr^yi-} ^Vy'^^ri^y'— yu, 2- [2- (4-^ n a 

-<W^-^ri^^— yu^, 2,2'-(p-^^^ U>i/t: 0 ^ U 
>-) - tr^ > T y — yu-/^ y/f 7 yu^ , 
2- {2- [4- (2— <y/y ^yy y yu) ^rc^yu] 

yu} -<>^yV ^ yy- yu, 2- [2- (4-^yU^^rv^^x:^. 
yu) t^yu] -<>yV ^ ^V— yu/j:^co^vyV ^ ^ V 

[0 0 2 1 ] y^f >l /L"<yf LTIi, ftl 

*.«R'J+I#W»0373582 SixT^S fc <D 

SrfflV^^li:j5S-e#4o ^^^I^ttll 1,4-t:'^ 

(2-y ^/u^^yyu) -<>ir>, (3-y^yi/^ 
^-yyu) /<>-1f>\ (4-y ^vu^^ 1 y ;u) 

ify, y yu^^if V, (2-^.^yu^^y 
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yu) -Oif^, 1,4- if* O-^yi^^y yu) -^ir /Tjiitt^/y -/U7^ L< , Mx. 

>\ l,4-\?X (2-^ ^/U^^ii /U) -2- y^vl^^lf ff, N, N, N' , N' m "7 L h :7 7 m 4'-^7;/7x- 

>\ 1,4- If* (2-y ]) yu) -2- ^^-/l^^^-ifV yK N, N' - 2x7 m :^yU-N, N' -v* (3-^fyl/7x^/U) - 

t£i?&0£\ft>inZ>o 4,4'->*7^ / fcT7x^, 2, 2~t^ h y yl- 

[0 0 2 2] ff:, #^¥2-252793^^f-M^$nT 7^/7x^) t'oa*^ N, N, N' , N' —r" h 5 -p- hy 

v^^^yyutf9^>W*frt>*3tJl, VHftiilJiJ: ;M,4'-y7?y tT7x=;u, fcf* (4-^-p- h D /U7 

Ufflt^:^^^^ 0 -ttfyft^Jt LTfi, 2,5-t" ^/7x^) 7x^/1^^^ N, N' - >*7:x~yU-N, 

* (4-^^/^^yyU) fc°^ex>\ 2,5-fcf^. (4-^^yU N'-v? (4-y h 3r i>7 m^yl-) -i^-^;/ t'7x = 

^^yyu) fcf^v^ 2,5-tf* [2- (1— J-7^vU) tf=: yK N,N,N',N'-f h7 7xx/M,4'-v7^ y i?7=c~ 

yU] t°yv>*>\ 2,5-fcf;* (4-> h^v^^^y/U) 10 /Ux— tvK 4,4'- IT* (y'7x^7;/) ^ K 

2, 5-fcT;* [2- (4-^7x^/U) fcTn/V] fc 0 ^^>\ !J7x^K 4-N,N-y7x^7^ / - (2-v>*7 3i~yU 

2,5-t^ [2- fcT^/V] fcT7v*VftifjWg tf:=iyu) ^Vif^ 3-y h *>-4' -N, N- y'7x^yU7 ^ 

[0 0 2 3] -ecOftfc, ^'>H#l^^388768-^P^^j#^^ (4- v?-p- h!)7^7x^U) - 

¥3-231970-^81-91* SftT 1^5 v^^y >»W 1, 1-tfT. (4-y-p-F!i7^7xn/u) -4- 7^~yU 

(JSrJEJti^iai^i: Ltffl^ir i tt 1 * v^n^M>-> % fcT;* (4-^'y 2vUT 5 y -2- y f;U7 

So -t^>ffe*0!lfc LTi:^ L4-7x^uv^^f lify x^/U) - 7mnyuy^>\ N,N,N-hy (p- h y yv) T 

V, 4,4'- yx^l/y^/ftJrV^ 2, 5-^r^>yu> 4- ( ix-p- hyyUT^/) -4'- [4 (>?-p- h !i 

vx>^-y-r-fV % 2,6-t7f lif>>, 1,4- y>T^/) ^^yyl-] *^vl"<>\ N, N, N' , N' -r- h =7 7 
t^x^l/yy'^f Jir-fV, 1,4^-71/7x^1/7^/ 20 x^yU-4, 4'-y'7; y- t°7^^yUN-7zr.^yU7^yUy<^ 
!ifV>, 9, h 7 1 y ^ f y r — yK 4,4'- fcf* [N- (l-*^7^yu) -N- 7x-;u- T 

V, 4,4'- (2,2- 7°f/U7x^/i/t^/i/) t"7x ^ y] t^x^/K 4, 4' ' - if* [N- (1-^7 ^vlO ~N~ 

4, 4* -(2, 2-v : 7zr.^yue^yU) t'7x^, # 7x^/U- T^y] p-^-7x^K 4.4'- fcf^ [N- 

t\ RTf^tlb (Dffimfc-^* #K?¥6-49079 -g^a, » (2-+75vU) -N- 7x^/U- T^y] t"7x^/K 4, 

BB^6-293778-g-^«(CBB^*iXTt^^7^^ Vff* 4'- [N~ (3-Ti?-*-7 7^yU) -N- 7z=.^yU- 

ft. 4#BB¥6-279322-§-^«, #M^p6-279323-S-^ffi^Bfl y] f7x^K 1,5-tT'T. [N- (l-^7^yU) -N~7x 

^^^Tt^^^^^^y Mt&yo. ¥6-107648-^- ^JV- T^y] -T-7^l/>, 4,4'- fcT-X [N- (9-77F 

^a^*^ ¥6-92947 ^«}:P^^ilT^^^fy y yu) -N~ 7x^;k- T^y] fcf7m~yK 4,4"-fcf7> 

7/-^ii#, #BI¥6-206865^fRizBB*$ttri^ [N~ -N- 7x^/U- T^y] p-^ — 7 

57yh7tWb^ 4#^¥6-145146^fRC^7r:^ 30 x^yl- x 4,4'- [N- (2-7xfyh^U) ~N~ 7m 

tltt^«^ hSI^ft, #^¥4-96990 -g-^fRiZ =-;U- T^y] tf7^^yu, 4,4'- t 0 ^ [N- (8-7y^ 

te^ixTt^r h7 7x^yU7^yxy{^ft > #M ^v^^yu) -N- 7x^/u- T^y] t'7xn;K 4,4' 

¥3-296595^a{-^^$^Tl^*1«H J i-Hgft:^^, - [N~ (2-b°lx^yl.) -N- 7x^- T^y] tf7 

^bt-fi. #M^P2-191694^$R^M^$ixTl/^^^ m^yU, 4,4'- [N- (2-^ y u^yu) -N- 7x^ 

V^mmt. #BB5p2-196885^$RtcBfl^$nTl^-< - T^y] t7x^/K 4,4'-fcT^ [N- 

^ #M I P2-255789^M^$^TV^'^7 yu) -N~ 7x^;U- T^y] t7x^/K 2,6-tT'T. (v? 

#M ¥2-289676-^-/5: C>*^M ¥2-88689 -p- VVj^T^/) ^7-/yu>, 2,6-^X (l--^ 

temzM^ZftX^^?? u-<]) / 7^^{$:, #M¥2- 7^yu) T^y] ^7^7 U->, 2,6-t*^ [N- (1-7-7^- 

250292-9^a^BI*Six-ct^^^y/uT^>«W#/j: /U) -N- (2-^7^yu) r^y] t7^uy 4.4"-f 
l?&m?btlZ> 0 St!-, ^*^«E L^cof^SStctt 40 ^ [N,N-y (2-^7^yU) T^y] ^-7x^K 4.4' 

ffl$tbTl/^<^*0<Ot>coS:igl:ffll/^r i^T^^o - fcT^. (N-7x^yU-N- [4- (1-^7 ^yu) 7x^] 

[0 0 2 4] ttll&Am, iETLttSIW, lETLWiitt^yt 7^7) t7x^K 4,4'- fc^ [N-7x^yU-N- (2- 

#fCRR3£|i*V^S, #M¥6-25659 ^fR, #IH¥6-20 (2-^7^yU) T^y] 7yl-^-U> x 4,4"- fcf^ (N, 

3963-S-^a, ^^¥6-215874^a, WBfl ¥7-1451 16-g- N-^-p- h y y^T ^ y ) ^-7x^/K tf7> (N-l-^7 

«FlM¥7-224012^«, *BI¥7-157473-g^a, ^y^) (N"2-^7^yU) 7$y4WSfc5 0 fi£ 

#^¥8-48656 #BH¥7-126226-g^a, #§i¥ **«E L *^cof^jRf^ftffl $ttT^5^»C0 t <OS:ig 

7-188130^a, #(^¥8-40995 #§§¥8-4099 SfV^rt^f 5 

6 ^a, #M ¥8-40997 -f^S, *5f*H¥7-l 26225^ [0 0 2 5] S&fn, jETLSfeAJB, lETLte 
a, #BH¥7-ioi9ii^a, #§f1¥7-97355 -g-^a^M 50 2H4383t« 4: LT , ±3&(D&mik'&9B&& V ^—tplzft 



[0 0 2 6] ITO Wyyr)A-^Xltt) ^® ((§ 
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**±Mvpc-400 X£3B#«*teJfl Lfc D «J¥^fflOStt^o 
fffffiJCIfi, y — ^ U~ £fcy — .xy — ^2400, hv^^BM 

«JE_L#l #«(7?»^J:r/«SE«SriB!J^Lfco *fc, 
fc. 

[0 0 2 8] Jgjfefll 1 



10 




*-C500 AoffSJC/ft/KU IE7L^J13S-^j*b/c 0 

[ft: 2 ] 




T-S^itS h y ^ (8-^r/y/7h) T./t'^^Atg 
ft® (JKT ^Alq j fcv*5) SrjE?L*&3iJi 3 £ [HJ 
T?650A^J»*^Hffl3K#b'C«riJbfc o ftfc, MfE^ 

[fk3] 



30 




-e*:b$ix5^-/ (8-^-yyy^h) y^A#f#: 

(KT r L iq j fc^5) Sr. tt^tt£1£4rtttt£ LTA1 
q£rSt>\ 10- 6 torr<7)K^T-t:\ Liq : Alq = 

1 : lt*Ifl, 50A<^flESI^«L-*io fu 
IEffirF-i£A/l (ig^Ji) 5co_bir, |Sffi««6<tUTAl 
S:*«3l«l0A/#-ei000A|K» bfc 0 583t««tt»EO. 
40 5cm , fltO. 5cm (OjE*»* t MfS^W^EL^ 
iC*5V^T, »«jSW«ffi2-e*>SIT0 tiS!M6Tfe 
SAlfc^Mfc, E^mS££PAPU «*§4 (Alq) rt> 

rcO^^-cO^- IEfl4^*tt(Dt*, g|g27, 500cd 
/m 2 (^iSffftSrllV i^jot>T^b/c 0 ^7tl,000cd/m 2 CO 

[0 0 2 9] JtR0»J 1 
H1S0»J 1 tmC< % ITO i^S-TjE+LlftiilJli LTaNP 
D £500 A^ff^fcLfifcJRU "t(D±{Z^ $£3tmt L-XA1 

50 q %jEjtm&m t m i^#t*7oo A^iss^^^^L 



11 

T»/*Lfco Sfefc:. t^ffiAi 4: bTmJffiLiqSr 1 A 
/?><^*ifi«-C5 A<Df$rtgl/: e tit, Liq 
0±J*>fe|S«£ bTAl £1,000 A|K#bfc 0 12 2*01* 

0, 13V T-*iS21000cd/m 2 ^ffSSr^^7t o Sfcl, 000 

/Co 

[0 0 3 0] ^^HR^bW»«£ES:TJf«oi2:«-T-ii 

[0 0 3 1 ] HffiCT 2 
ITO _b^, jE?L*wi£/I3 t LTaNPD £500 A, $£%m 
4ti,XMq Sr400A©ff$^Hffi||3»bfc«. HJSW 
1 (b^cO^-ftT-Liq^Alq^m^ffiAS (JS-&J1) 5£ 
300A(^l?$^JKbfc o ^<D_h/^<b> ^®m®6<*:b 
TAlSrl000AHS#b*^S:fP»Ufc. r^*^r±Ri*0« 
EE14V -t?SiS»*19, OOOcd/m 2 ^*:/^ OOOcd 
/^(Dm&^n^^Z 1 OV PPJO-f-ii^K^fcofco n 

/¥< LTt), ±KJfctt0!ll ^f5(£[W)«^#ft^^fc 0 
[0 0 3 2] it^0ij 2 

tmC< . ITO ±^*-rjE?Ltt^Jlt LTaNP 
D £500 AoffSlC/jJUKU -tOJrfc, 383tJg£bTAl 
q Sr400A^ff*^«^#L^a. «MMk-&»-e*>SL 
iF([:Alq^l0- 6 torrCOK^T"C\ **Jt* LiF : Alq= 
1 : lt'MfU 3 0 0A(7).l|:^^IU: o ^<7)± 
Ifttt«tt6 ^ bTAl£l000A|gigblS^-£fE8!Sb 
fc Q ^^^(i^lADmm 1 7 V -e^iS«S7,300cd/m 2 ^ 
^*L*L 0 Sfcl, 000cd/m 2 <D»g£#5(D{;il5. 5V flWJD 
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^3R^S*J-a# LT^4LiF(^«t 9*«*tt»tt<Oite 
[0 0 3 3] 

AS) £T/u# y ^->- % ta-# y iS^JR-f ^ 

»«0*«EL* J ?-^«S: , srifi^bfc<><c>-efcS 0 b 

[01 ] *«9§<7^raE L*-T-<Z>flUi«3e«S:*-t"«5« 

20 [02] **M^#«EL*^tJttt«Oj»a[-«JE«f 

[0 3] **W^#«EL#-^4:Jt««OffflE-«BE» 

[»*©KW] 
1 
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